AD is the most common form of dementia among the aging population. The neuropathological alterations of AD are represented by the neurofibrillary tangles and extracellular amyloid plaques formation. These two hallmarks are routinely used as biomarkers for AD diagnosis and can allow the identification of the pathology in a late phase. The urgent need to develop probes for PET analysis that can be used in an early diagnosis of this disorder opened a new scenario in which new biomarkers involved in the first step of AD can be easily detected. Recently, an increasing number of studies indicated as new biomarkers P-gp, TLR4, MIR and free serum copper that are involved in the onset of AD. It has been extensively reported that a P-gp dysfunction in brain can be considered one of the causes of the AD accumulation in brain parenchyma and that the up-regulation of inflammatory gene expression and inflammatory signaling due to MIR and TLR4 modulated the development and the progression of AD.
INTRODUCTION
Alzheimer's disease (AD) is a neurodegenerative disorder characterized by irreversible cognitive decline, memory impairment, and behavioral changes. Studies performed postmortem on AD patients' brains showed, as neuropathological features, the presence of senile plaques (SPs) and neurofibrillary tangles (NFTs), characterized by β-amyloid (Aβ) peptides and highly phosphorylated tau proteins [1] . Indeed, the "Aβ hypothesis" suggests that the development of AD is due to the accumulation and deposition of Aβ peptide aggregates in the brain. The amyloid precursor peptide (APP) is degraded by three different enzymes (α-, β-, and γ-secretases) as depicted in Figure 1 and an imbalance between the production and the clearance of Aβ40-42 fragments by β-and γ-secretases leads to the accumulation of Aβ peptide monomers, oligomers, and finally of Aβ plaques that "gum up" the parenchymal space between neurons in the brain. Currently, since the definitive confirmation of AD is on the base of postmortem histopathologic examination of Aβ deposits in the brain, Aβ plaques are useful biomarkers for the AD diagnosis, and their detection in vivo by positron-emission tomography (PET) or single-photon emission computed tomography (SPECT) should ameliorate diagnosis and improve the discovery of new therapeutic agents. To date, FDA approved five medications for AD therapy (donepezil, rivastigmine, galantamine, tacrine, and memantine) but these agents are only useful to treat the symptoms and not to stop the disease progression. Therefore, to remove and prevent excess build up of Aβ peptides in the brain (β-and γ-secretases inhibitors) can be suggested as a possible goal in AD therapy even if the results of clinical trials in this area have been disappointing. Moreover, also in the diagnostic field, since the used probes are able to target the Aβ plaques, they do not allow an early diagnosis.
EPIDEMIOLOGY
The current estimated prevalence in the United States is 5.3 million individuals, 5.1 million of whom are over 65 years [2] . The global prevalence of the disease is estimated around 24 million in 2001, and predicted to double every 20 years, affecting more than 80 million people by 2040 [3] . The number of patients will rise from 2001 to 2040 by 80% -190% in Europe, North America and up to 10% in people aged over 90 years have been reported, and a prevalence between approximately 2% in people aged 65 -69 years up to more than 25% in the group aged over 90 years [3] . The prevalence of AD is greater in women than men because of the greater life expectancy of women. The economic impact of dementia was $172 billion, including $123 billion for Medicare and Medicaid. By 2050, the estimated cost of AD in the United States will exceed $1 trillion per year. The total cost from 2011 through 2050 is estimated at $20 trillion [2] . This health problem is not limited to the United States but estimates of global costs of AD in 2009 were $604 billion per year. All these alarming data indicate that AD could be considered as a modern epidemy. Therefore an urgent need for preventive, diagnostic and therapeutic measures exists in order to control the impact of this devastating disorder.
PATHOPHYSIOLOGY AND CLINICAL MANIFESTATION
AD pathophysiology related processes and mechanisms begin several decades before the clinical onset (late stage) of the disease. For several years, the Aβ plaques and NFTs have been identified and largely studied as the two neuropathological hallmarks of the disorder [1] . NFTs are intracellular aggregates, while Aβ plaques aggregated in the extracellular space. Other pathologic features are represented by the periplaque inflammatory reaction and neurodegeneration (synapse loss, neuron loss, and cerebral atrophy) [2] . The neurofibrillary pathologic process begins in the transentorhinal area and progresses to the hippocampus, to paralimbic and adjacent medial-basal temporal cortex, to neocortical association areas, and then to primary sensorimotor and visual areas [2] . Tau protein is a component of the cytoskeletal microtubule system and in AD onset it becomes hyperphosphorylated, disassociates from microtubules, assumes a paired helical filament configuration, leading to insoluble NFTs in the neurons. The Aβ plaques, second hallmark of the disorder, are made up by a dense central Aβ core with inflammatory cells and dystrophic neurites in its periphery. Normal proteolytic metabolism of amyloid precursor protein by secretases enzymes leads to several peptide fragments and, among them, Aβ40 (more abundant) and Aβ42 (more prone to aggregate) fragments are the most important [2] . The limitation of these biomarkers is that AD can be confirmed with certainty only postmortem, and a clinical diagnosis is usually possible a long time after the onset of the pathology. An early detection can be considered pivotal for the prevention and the therapy of AD. To date several efforts have been aimed to validate and qualify biomarkers at the prodromal stages of the disease with the attempt to allow an early prediction, diagnosis and treatment, and monitor the disease progression and treatment response [3] [4] [5] . The prodromal stage of AD is the phase when pathophysiological alterations are developing with beginning mild (symptomatic) clinically significant cognitive impairment. The clinically silent asymptomatic stage before the prodromal AD, is studied by pathophysiological mechanistic indicators such as the Aβ in CSF and/or its brain increase by PET analysis and by particular risk factors such as genetic predisposition, defined either by genetic determinants (e.g. APP), and/or by genetic susceptibility factors (APOE-ε4) [6] . The subsequent neurodegenerative stage with reduced reversibility is characterized by disintegration of white matter fiber tracts (microstructural changes), and clinically, by the first mild cognitive symptoms (prodromal phase). The late neurodegenerative (dementia) stage shows progressive macrostructural volume loss (i.e. regional brain atrophy on magnetic resonance imaging, MRI), and progressive clinical dementia syndrome [7] . The clinical manifestations of AD useful to monitor the progression of the disease could be classified into three progressive steps [8] : a) recent memory loss, mild coordination problems, depression and apathy; b) pervasive and persistent memory loss (forgetfulness about personal history and inability to recognize friends and family), sleep disturbances, changes in mood and behavior, rambling speech, unusual reasoning, and confusion about current events, time, and place. Mobility and coordination is affected by slowness, rigidity, and tremors; c) severe or total loss of ability to remember and/or to communicate, immobility and extreme problems with mood, behavior, hallucinations, and delirium. The pathophysiological alterations associated with clinical AD manifestations are: inflammation, oxidative stress, protein misfolding, changes in brain microenvironment and metabolism, and neurodegeneration. These alterations have been characterized at the level of gene expression (transcriptomic), proteins (proteomic), and lipid signaling (lipidomic). Since the clinical diagnosis of AD, on the base of the standard diagnostic criteria, does not take into account the long preclinical and prodromal phases, biomarkers involved in steps occurring before the appearance of the clinical dementia syndrome, could support and improve the early detection, prediction and classification (differential diagnosis) of the disorder.
GENETICS
AD can be classified as early onset or late onset. Late onset (after 65 years) accounts for over 95% of cases while the early onset (before 65 years) is much rarer. Few cases (around 1%) displayed autosomal dominant mutations in one of the three genes: 1) APP gene on chromosome 21; 2) the presenilin-1 (PRE1) gene on chromosome 14; 3) the presenilin-2 (PRE2) gene on chromosome 1 [2] . These autosomal dominant mutations are all involved in the production or metabolism of amyloid protein [2] . Deterministic genetic mutations for late onset AD have not been found, but APOE-ε4 gene is the major genetic risk factor. The APOE gene encodes a protein involved in cholesterol metabolism. Three normally occurring alleles of APOE exist: ε2, ε3, and ε4. APOE-ε3 is the most abundant allele in the population (frequency of 80%), while APOE-ε4 increases the risk of developing AD lowering the mean age at onset of the disease [2] [3] [4] [5] [6] . APOE-ε4 is involved in AD pathogenesis by the modulation of the metabolism, aggregation, and clearance of Aβ peptide and probably by directly regulating brain lipid metabolism and synaptic functions. Therefore, APOE-ε4 could be considered as biomarker being a risk factor for brain Aβ deposition [9, 10] . The APOE-ε2 decreases the risk to develop AD but this protective effect is not as strong as the risk conferred to carriers of the APOE-ε4.
BIOMARKERS INVOLVED IN THE ONSET AND PROGRESSION OF AD
The pathological cascade in AD begins with amyloid and tau pathology, followed by neural injury and dysfunction and finally with structural alterations [11] . Recent findings demonstrated that brain and cognitive changes occur up to 10 years prior to the AD diagnosis and so the combination of genetic and structural brain biomarkers, together with imaging quantitative traits in the medialtemporal lobe (MTL), could be considered a helpful outcome for the diagnosis. To date, there is an urgent need not only to develop an aimed therapy for the AD but also to identify reliable AD-specific biomarkers. The "ideal" AD biomarker should: a) detect a fundamental feature of neuropathology; b) have a sensitivity > 80% in AD detection; c) have a specificity > 80% in the discrimination from other dementias; d) be reliable; e) be non-invasive; f) be easy to perform; g) inexpensive. In AD two types of biomarkers are defined: 1) Genetic biomarkers and 2) Non-Genetic biomarkers.
GENETIC BIOMARKERS
Five leading genes have been identified as causative elements of AD: 1) APP; 2) PSEN1; 3) PSEN2; 4) APOE; 5) TOMM40. Mutations in the first three genes lead to the early onset of the disorder, while APOE is the only gene marked as risk factor for late-onset disease [12] .
APP
APP gene, localized on chromosome 21, encodes a transmembrane protein, named APP, ubiquitously expressed, that contains an internal 39 -43 amino acid sequence corresponding to the Aβ peptide. Indeed, Aβ peptide is generated from APP by two endoproteolytic cleavages catalyzed by β and λ secretases (Figure 1 ) [13] . Aβ peptides are the principal component of amyloid deposits or plaques in brain parenchyma and in the walls of brain vessels. To date, 24 APP single nucleotide mutations as AD causes are reported and all these mutations are clustered within a 54 amino acid segment, localized near or within the sequence encoding Aβ peptides. The Swedish mutation is a double substitution that induces a change in two amino acids immediately before the beginning of the Aβ peptide sequence: The normal sequence, lysine-methionine is replaced by asparagineleucine. The amount of Aβ peptide produced is two-three fold higher than that produced from non-mutated APP, presumably by affecting the efficiency of β-secretase cleavage. Other APP mutations are at or after the C-terminal amino acids of Aβ peptides, and alter the activity of λ-secretase cleavage. When the proteolysis of normal APP occurs by λ-secretase, the predominant formed species is 40 amino acids long (Aβ40) with smaller amounts of Aβ that is 42 amino acids long (Aβ42). APP mutations at the C-terminal end of Aβ produce more Aβ42 that is more amyloidogenic and more prone to aggregate than shorter forms of Aβ. Another mutation is p.Glu693Gly also known as the Arctic mutation. This missense mutation increases the aggregation rate of the mutant peptide [13] .
PSEN1 and PSEN2
PSEN1 and PSEN2 genes encode two closely related proteins that are part of the λ-secretase complex as depicted in Figure 2 . Therefore, mutations on both genes induce a modification in the λ-secretase that is still able to catalyze the cleavage of APP, but the proteolytic site is altered. Mutant λ-secretase produces Aβ42, more amyloidogenic and more prone to aggregate than Aβ40 normally produced by the normal enzyme.
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APOE
APOE gene is located on chromosome 19 and encodes Apolipoprotein E (APOE), a component of lipoprotein particles binding the cell surface receptors. APOE translates into three common allelic variations ε2, ε3, and ε4 [14] . Polymorphisms within the APOE gene have been strongly associated with AD. The ε2 allele encodes a cysteine (Cys) at amino acid positions 112 and 158; allele ε3 encodes a Cys at 112 and an arginine (Arg) at 158, while the ε4 allele encodes an Arg both at 112 and at 158. The ε4 allele is the ancestral and high-risk form, the ε3 allele is the most common in humans and the neutral allele, and the ε2 allele is associated with decreased risk of AD [14] . APOE plays an essential role in the lipid metabolism within the Central Nervous System (CNS) and its allelic variations modulate neural repair, lipid homeostasis, oxidative stress, and Aβ deposition. APOE, as the main cholesterol transport lipoprotein, exerts a pivotal role in maintaining brain integrity since lipids are essential for myelination of axons. Indeed, the protein seems to modulate the cholesterol delivery to neurons. The ε4 allele decreases the delivery of cholesterol, consequently disturbing lipid homeostasis in the CNS leading to Aβ depositions. Moreover, APOE polymorphism may influence not only the amyloid cascade but also the neuronal repair mechanisms and the maintenance of synaptic connections [14] .
TOMM40
Translocase of Outer Mitochondrial Membrane 40 (TOMM40) is a promising gene in AD onset and is responsible for mitochondrial survival [14] . Mitochondrial dysfunction has been associated with several pathological processes in AD, such as brain hypometabolism, synaptic pathology, accumulation of APP, and Aβ influx to the cell [14] [15] [16] . Damaged mitochondria exert a specific influence on the AD pathophysiology through interplay with Aβ and its precursor, AβPP. The encoded protein, localized at the outer mitochondrial membrane, is one of the primary pores by which proteins can readily enter the mitochondria. In AD, mitochondria exert neurotoxic influence by allowing the influx of Aβ to the cell through the TOMM40 import pore. The influx TOMM40-mediated of Aβ increases Reactive Oxygen Species (ROS) resulting in apoptosis. Moreover, it has been demonstrated that in AD mitochondria show high intracellular Aβ accumulation and this precedes extracellular Aβ deposition [14] . This finding supports the role of mitochondria in the pathogenesis of AD [14] . A genetic involvement of TOMM40 on AD-type cognitive deficits is due to TOMM40 length variation that was found to influence episodic memory, and the integrity of the medial ventral precuneus and posterior cingulated, [17] sites of early amyloid burden in AD [18] . Three TOMM40 risk alleles have been reported (rs157580; rs2075650; rs11556505) that are overexpressed in the AD population. These three alleles have recently been associated with CSF biomarkers including Aβ42, T-tau, and P-tau [18] . In the "adapted mitochondrial disconnection model" TOMM40 can act through two mechanisms: 1) APOEindependent mechanism and 2) APOE-dependent mechanism. In the first mechanism, TOMM40 modulates Aβ influx to the mitochondria through the TOMM40 outer membrane pore. In the second mechanism, an interaction between APOE and TOMM40 exists, and both carriers in turn influence the Aβ influx. The proposed model suggests mitochondria as an early and accurate biomarker for preclinical AD since mitochondria dysfunction begins the pathophysiological cascade in AD. Moreover, mitochondrial Aβ aggregation precedes and induces extracellular Aβ aggregation supporting the mitochondrial cascade hypothesis rather than the amyloid cascade hypothesis, as the primary event in the biomarker timeline of AD.
NON GENETIC BIOMARKERS
Among these biomarkers, two types are defined: 1) direct biomarkers and 2) indirect biomarkers. Among direct biomarkers, the mostly reported and overall studied are: 1) Aβ42 peptide; 2) total (T)-tau protein; and 3) the phosphorylated (P)-tau protein. These are reliable biomarkers of AD progression that, by contrast, do not allow an early diagnosis because they are detectable when the brain functionality is irreversibly compromised. The detection of the accumulation of Aβ or tau in the interstitial fluid of brain parenchyma (Figure 3 ) can be combined with the measure of the cerebrospinal fluid biomarkers also defined "core CSF markers" [19, 20] . A decrease of Aβ42 levels in the CSF well correlates with the positive amyloid PET imaging findings in AD patients and, therefore, with the clinical diagnosis of AD and Aβ pathophysiology [19, 20] . CSF tau is an indicator of tau pathophysiology and associated neuronal injury while phosphorylated tau is a more specific indicator of AD. High CSF tau is detectable in stroke and head trauma, and therefore is not AD specific. In AD, the high level of tau protein in the CSF is a direct result of a tau Copyright © 2013 SciRes.
Openly accessible at http://www.scirp.org/journal/aad/ pathophysiology that disrupts neurons, particularly axons, inducing the release of cytoskeletal elements, such as tau, into the extracellular space. High level of CSF tau correlates with neurofibrillary pathophysiology at autopsy. These three CSF biomarkers are reliable markers for AD diagnosis, even at early stages, particularly vs healthy controls but their limitation is due to their inability to monitor the progression of the disorder since they are not able to distinguish AD from other dementias. An indirect biomarker is represented by the measure of glucose metabolism that could allow a support to AD diagnosis. The measure of glucose metabolism by 2-deoxy-2-[18F] fluoroglucose (FDG) in PET analysis is an indicator of brain metabolism, which reflects synaptic activity. In AD, the decrease of FDG uptake shows an impaired synaptic function in a lateral temporo-parietal band a posterior cingulated-precuneus distribution. Recently, new biomarkers have been suggested as useful for the detection of the pathology onset and can be useful for the early diagnosis. These new biomarkers can be direct biomarkers, such as P-glycoprotein, "free" serum copper and microRNAs, and indirect, such as Tolllike Receptors 4 (TLR4).
PET DIAGNOSTIC USED FOR AD DIAGNOSIS
PET Probes for Imaging Beta-Amyloid Plaques
During the last decade, a number of Aβ plaque-specific imaging agents for PET and SPECT have been re ported. Among them [11C] 4-N-methylamino-4'-hydroxystilbene (SB-13) [21] , (Figure 4 ) [25] .
[18F]Florbetabir (Phase III) has been approved by FDA for routine clinical uses. It is a safe radiotracer for studying Aβ distribution in human brains and it is a sensitive marker of amyloid load in cortical gray matter in elderly individuals; it can differentiate among subjects with the standard diagnostic AD criteria by patients with mild cognitive impairment (MCI) and normal cognitive function. Therefore, [18F]florbetabir has an higher specificity for AD then PIB for both diagnosis and monitoring of progression also in the early stages of the pathology [26] . Therefore, [18F]florbetapir could be considered the front runner for daily routine use in early diagnosis of amyloid plaques in living human brain.
[11C]PIB is presently the one most extensively evaluated, and it is a neutral analog of Thioflavin T, an established histological stain for detecting Aβ.
[11C]PIB binds with high affinity and specificity to neuritic Aβ plaques and in particular, significant retention of this probe was observed in the frontal, temporal, parietal and occipital cortices and in the striatum of AD patients. The strong correlation between in vivo [11C] commonly used in human studies has been proposed [28] . APP/PS1 mouse transgenic model was employed to measure Aβ at different disease stages allowing longitudinal imaging studies with follow-up periods of approximately one and a half years. In a recent 5-year follow-up PET study with [11C] PIB, it was evident at the individual level that increased, stable and decreased [11C] PIB retention was observed and the disease progression was reflected in significant decline in cerebral regional cerebral glucose metabolism (rCMRglc) and cognition [29] . In a recent 20-month follow-up study, it was reported a 5.7% increase in fibrillar Aβ in AD patients [30] . These studies support the hypothesis that the [33] .
[123I]IMPY is a radioiodinated derivative of thioflavin-S, with high selectivity for Aβ plaques in the brain in transgenic animal models of AD. This probe has been studied also as [124I]IMPY and high binding ability and specificity to hippocampus and frontal cortex of two AD mouse models (Tg2576 and TT transgenic mice) has been found by in vitro autoradiography [34] . Moreover, although IMPY binds to the Aβ protein, some studies suggested that it could also bind to proteins associated with prion disease.
Benzothiazole Derivatives
Recently, on the basis of PIB, 18F-fluoroethylated benzothiazole derivatives have been developed [35] and one of these compounds, [18F]-6-FEtO-BTA-1, was studied in normal SCID (Severe Combined Immunodeficiency) mice. It showed a suitable biokinetics profile and good binding affinity for amyloid plaques (Ki = 7.2 nM) so that it represents a promising new diagnostic probe. Starting from PIB and [123I]IMPY, a new series of 2-aryl-imidazo[2,1-b]benzothiazole derivatives has been recently developed and tested for their ability to bind to amyloid Aβ1-40. This series was developed combining benzothiazole part of PIB fused with the 2-arylimidazo moiety of IMPY. These compounds showed acceptable binding affinity for synthetic Aβ40 fibril, ranging from 133 nM to 6.09 nM, and could be labeled with [11C] CH3 for in vivo evaluation. These results support the hypothesis that mix-condensed analogues of PIB-IMPY could achieve similar potency to those of the individual compounds [36] .
Flavones Derivatives
Recently fluoro-pegylated flavones have been developed, showing high affinity for plaques (from 5 to 321 nM) by in vitro binding experiments carried out in Tg2576 transgenic mice brain section and high uptake (from 2.9% to 4.2% ID/g) and fast washout (1.3% -2.0% ID/g) in the brain of normal mice after injection [37] .
Aurones Derivatives
[123I]IMPY was the first SPECT probe tested in humans. However, preliminary clinical data showed poor signal-to-noise ratio, most likely due to high lipophilicity and low stability, making it difficult to distinguish AD patients. Recently, a new fluorinated and iodinated aurone derivative, (Z)-2-(4-(2-fluoroethoxy)benzylidene) -5-iodobenzofuran-3(2H)-one, has been synthesized and evaluated as a PET/SPECT dual imaging probe for Aβ. This compound showed high affinity for Aβ aggregates by in vitro binding experiments and both [125I]-and [18F]-derivative showed good uptake and washout from the brain by biodistribution experiment using normal mice [38] . These results suggested that the fluorinated and iodinated aurone derivative may function as a PET/ SPECT probe for detecting Aβ plaques in AD brain.
Indole-Chalcone Derivatives
Another class of derivatives recently developed bears an indole-chalcone scaffold, among these compounds the radioiodinated probe [125I]-(E)-3-(1H-indol-5-yl)-1-(4-iodophenyl)prop-2-en-1-one, by autoradiography in sections of brain tissue from an animal model of AD showed that it specifically labeled Aβ plaques [39] . However, experiments with normal mice indicated that compound exhibited a low uptake into the brain in vivo (0.41% ID/g at 2 min). Indole-chalcone scaffold with additional chemical modifications may lead to more useful imaging agents for detecting Aβ plaques in AD brain. Currently, the relationship between fibrillar Aβ (plaques) and soluble Aβ oligomers remains still unknown. Presently there is no information on how the smaller soluble Aβ oligomers, could be visualized in vivo with the available Aβ tracers. A challenge could be to develop PET tracers able to visualize these smaller forms of Aβ in the brain, although the probably lower content of oligomers in AD brains compared with fibrillar Aβ might be a limiting factor. The soluble Aβ oligomers are important since they probably could induce and interfere with the neurotransmission in the brain.
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PET Probes to Measure Glucose Metabolism
PET studies employing [18F]FDG, (Figure 5 ) a probes useful to study CMRglc in humans, demonstrated that in AD metabolic deficits are presented in different neocortical association areas. In particular, by longitudinal studies a significant reduction of CMRglc in the frontal, parietal, temporal and posterior cingulate regions in AD patients respect to healthy subjects have been demonstrated. In early stages of the disease, accumulation of Aβ is an ongoing event while minor metabolic changes occur. As the clinical course of AD progresses, the amyloid curve flattens and evident generalized glucose hypometabolism arises. 
PET Probes to Measure Neurotransmitter Activity
Several neurotransmission, especially the cholinergic system but also the dopaminergic and serotonergic, is 13 [42] have been employed to measure acetylcholinesterase activity and a reduction was found in AD patients, respect to healthy controls. Reduction in acetylcholinesterase activity has also been reported in MCI patients who later convert to AD, suggesting that acetylcholinesterase changes might precede the development of clinical AD. Furthermore, PET studies using (S)- (2)- [11C] -methylnicotine have shown a decrease in the number of cortical nAChRs (Nicotinic acetylcholine receptors) in AD patients and this reduction significantly correlates with impaired cognitive function, such as impaired attention. 2-[18F]-Fluoro-A-85380 is another PET tracer developed to visualize a specific subtype of nAChRs, α4β2, a reduction of this receptors was found in both AD and MCI patients. Recently, there is a great interest to develop selective PET tracers for the imaging of the α7 nicotinic receptors in the brain since these receptors interact with Aβ and might therefore be a new target for AD therapy [43] . (Figure 6 ) has been the first PET tracer employed to visualize NFTs as well as amyloid plaques in living humans [44] ; it is the only probe able to visualize AD in the hippocampal region of living humans. (FDDNP) PET results demonstrated that FDDNP binding is higher in medial temporal cortical then in neocortical area in AD. Moreover, previous postmortem histological studies demonstrated that in AD, Aβ plaque deposition is high in neocortical regions but relatively low in some medial temporal cortical substructures as hippocampus. By contrast, tangle accumulation is high in the medial temporal cortex at all levels of cognitive impairment with subsequent neocortical increases with disease progression. Starting from these findings, FDDNP could be considered a sensitive in vivo marker for NFTs. FDDNP could be employed with PIB in the same subjects to visualize different aspects of AD progression. AD patients showed low PIB but high FDDNP uptake in the medial temporal cortex and sig- [44] suggesting that [18F]-T808 possesses suitable properties and characteristics to be a specific and selective PET probe for the imaging of paired helical filament tau in human brains [45] .
PET Probes for Imaging Tau Protein
2-(1-{6-[(2-[18F]fluoroethyl)(methyl)amino]-2-naphth yl}-ethylidene)malononitrile ([18F]FDDNP)
PET Probes to Measure Reactive Microglia
Activated microglia, involved in immune response of the brain to neurodegeneration, represents a useful marker in AD diagnosis. In particular, amyloid has been demonstrated to mobilize and activate microglia that was found in autopsy brain tissue at sites of aggregated Aβ deposition of AD patients. 1- (Figure 7) , a selective TSPO (translocator protein) radioligand, has been employed to measure the transition of microglia from a resting state to an activated state in the brain, due to an increase in the number, rather than the affinity, of TSPO. An increase in [11C] -(R)-PK11195 binding was found in the temporoparietal, 
BIOMARKERS FOR THE EARLY DIAGNOSIS OF AD: A NEW SCENARIO
P-glycoprotein (P-gp)
P-glycoprotein (P-gp) is an ATPase belonging to the ATP Binding Cassette (ABC) transporters family, transmembrane proteins able to efflux xenobiotics out of cells using the energy by ATP hydrolysis [49] . This protein is highly expressed at the luminal surface of brain capillary endothelium and is the major component of BBB; because of this strategic localization, P-gp exerts a protecttive function in the BBB. Several studies reported a potential correlation between P-gp activity and/or expression and the onset of some CNS disorders such as AD. In AD brains the Aβ levels inversely correlated with the P-gp level in brain vasculature. This finding suggested that P-gp exerts a critical role in the clearance of Aβ from the brain. Aβ proteins are usually secreted from neurons into the interstitial fluid and can be eliminated in three different ways: 1) proteolytic degradation; 2) passive efflux; 3) active efflux through BBB. P-gp is responsible for the active efflux of Aβ from the brain, and its decreased expression and/or activity leads to increased Aβ levels in the ISF (Figure 3) [48] . These findings support the hypothesis that a P-gp dysfunction in the BBB could play a pivotal role in AD onset. Moreover, it was demonstrated that Aβ is a P-gp substrate [49] . Therefore, P-gp ligands could be used as PET tracers to detect P-gp activity and expression allowing an early Copyright © 2013 SciRes.
Openly accessible at http://www.scirp.org/journal/aad/ diagnosis of AD. Currently, AD diagnosis by PET is performed using probes able to measure amyloid deposition such as [11C] PIB and [18F]-FDDNP that characterize the pathology when it is already in an advanced phase.
MicroRNA
MicroRNAs (miRNAs) are a class of small (22 nucleotides) non-coding RNAs, generated from a long primary transcript (primiRNA), cleaved in the nucleus by an enzymatic complex to a shorter hair-pin structure (50-120 nucleotides) constituting the miRNA precursor (pre-miRNA) [50] . The pre-miRNA is then exported to the cytoplasm and processed by the RNAse III enzyme Dicer to a 22-nucleotide duplex. Mature miRNAs bind to partially complementary sites within the 3' untranslated region (UTR) of target mRNAs, targeting them for degradation or translation arrest. The identification of miRNAs significantly increased the knowledge on the regulatory mechanisms of gene expression in the CNS. Approximately 70% of the identified miRNAs are expressed in the CNS with a specific localization. Several papers identified an AD-specific miRNA altered expression. Lukiw et al. studying the miRNA abundance in fetal and adult hippocampal neurons, reported differenttial expression patterns between fetal and adult brains for six different miRNAs (miR-9, miR-124a, miR-125b, miR-128, miR-132, and miR-219) [51] . In particular, miR-9 was upregulated in AD brains compared to the adult brain, while miR128 was overexpressed compared both to adult and fetal samples. AD brains also displayed a significant upregulation of miRNA-146a, coupled to downregulation of the target gene complement factor H (CFH), an important repressor of the inflammatory response in the brain. Moreover, it has been reported that: 1) some of the AD-modulated miRNAs (miR-9 and MiR-132) were involved in the neurogenesis and neuronal differentiation; 2) other miRNAs were involved in metabolic pathway (e.g. miR-29a and -b, overexpressed in models of insulin resistance). Aβ fibrils are generated from APP by the beta-siteAPP-Cleaving Enzyme (BACE1). In AD brains, a dysregulation of some miRNAs targets APP (let-7, miR-101, miR-15a, and miR-106b) or BACE1 (miR-15a, miR-29b-1, miR-9, miR-19b, miR-107, miR-298 and miR-328), regulating BACE1 expression in vitro and so interfering with Aβ disposition in cell culture. Overall, these findings strongly suggest miRNAs as novel biomarkers for AD pathogenesis [51] . Recently, increasing evidences support the hypothesis that the progressive up-regulation of inflammatory gene expression and inflammatory signaling due to miR-146 induces the development and the progression of AD [52] .
Free Copper ion
The 'metal causative role' in AD was supported by the following evidences: 1) APP is able to bind and reduce copper from Cu(II) to Cu(I), responsible for the copper-induced toxicity and oxidative stress; 2) Aβ and metals are packed together in plaques; 3) chelating agents sequestering metals within Aβ dissolves the plaque. In a series of clinical studies, AD patients showed an altered metabolism of a specific fraction of serum copper, copper non-bound to ceruloplasmin (also called "free" copper). 85% -95% of the serum copper is tightly bound to ceruloplasmin while the resting "free" copper is bound to albumin, alpha 2 macroglobulin, and low-molecularweight compounds such as peptides and amino acids. The difference between the two copper pools is that the "free" copper overcomes BBB [52, 53] . Moreover, in AD patients "free" copper is increased in CSF [54] and in brain parenchyma. It has been hypothesised that the increased "free" copper found in AD was due to a defect in copper incorporation into ceruloplasmin. This hypothesis was supported by: 1) the increased levels of serum apoceruloplasmin derived by the failure of copper binding into ceruloplasmin during its biosynthesis in the liver; 2) liver dysfunction due to "free" copper disturbance of hepatocytes; 3) evidence of the move of "free" copper from the serum to the CSF, overcoming BBB, and of "free" copper interaction with CSF markers of AD [52] [53] [54] [55] [56] [57] .
TLR4
Aβ peptides trigger microglial activation by interacting with several TLRs, including TLR4. TLRs are molecules involved in the innate immune response. TLRs are type I transmembrane receptors characterized by an extracellular domain with leucine-rich repeats and a carboxy terminal intracellular domain, designated the Toll/IL-1R (TIR) domain, containing about 200 amino acids and three conserved regions essential for the signaling cascade to downstream adapter molecules [58] . A recent study reported that resveratrol, a natural polyphenol found in abundance in red wine, displaying antiamyloidogenic and neuroprotective properties in vitro and in vivo currently in clinical trials for AD, prevented the activation of microglia by interfering with TLR4 oligomerization upon receptor stimulation. Moreover, in a mouse model of cerebral amyloid deposition, resveratrol inhibited microglial activation associated with cortical amyloid plaque formation. Song and co-workers studied the TLR4 signaling in two AD animal models, an AD mouse model homozygous for a loss-of-function mutation of TLR4 and a TLR4 wild-type AD mouse model demonstrating a TLR4-dependent activation of microglia at the early stage of AD. This activation at the onset of 
PERSPECTIVES
P-gp Ligands: Inhibitors and Substrates
P-gp ligands have been proposed for their ability to hit the protein responsible of the first step of the pathology progression as new potent probes for the early diagnosis of neurodegenerative disorders such as AD but also PD and epilepsy by PET technique [48] . Indeed, a P-gp dysfunction is the principal cause of the accumulation of Aβ in brain parenchyma. Therefore, the detection of this dysfunction, due to a decreased activity or expression of the pump, can be a useful strategy to early diagnosis AD. Four distinct interaction sites have been identified in P-gp structure: three sites (I-III) for the transport of substrates (vinblastine, paclitaxel, rhodamine-123, and Hoechst33342) and modulators (XR9576, XR9051); site IV, a regulatory site where elacridar and nicardipine act as modulators. These binding sites were able to allosterically communicate in a negative heterotropic manner, and the binding to one of sites switched the other sites to a low-affinity conformation [59] . P-gp ligands can be classified as: substrates, inhibitors and modulators. Substrates are actively transported by P-gp in an ATP-dependent manner and therefore their concentration is higher outside the cell with respect to the cytosol (Figure  8(a) ) [49] . Modulators are able to alter substrate binding in a non competitive manner by interacting with P-gp within a distinct site from that of the substrate (Figure  8(b) ). Moreover, an allosteric communication between substrate and modulator binding sites exists [60] . Inhibitors block P-gp translocation by interacting with the ATP binding site and therefore preventing drug transport by the pump (Figure 8(c) ). In neurodegenerative diseases, substrates, modulators, and inhibitors are suitable tools to investigate the expression and functionality of P-gp, respectively, in the biological barriers. Substrates, as 11C-or 18F-radiolabelled, are useful probes to evaluate P-gp activity whereas inhibitors to measure P-gp expression; modulators, as cold ligands, are useful to define the specificity of the probe for the target in PET analysis [61] . As previously described, the importance to develop probes for detecting the functionality of P-gp is due to the possibility to early diagnose the onset of AD since an impairment of the efflux protein is the cause of the onset of the pathology (β-amyloid accumulation). To date, several PET tracers have been developed to detect the function and expression of P-gp at the BBB. Among them, [11C] verapamil [61, 62] and [11C] N-desmethyllo- peramid [63] have been reported as P-gp substrates whereas [11C] laniquidar [64] [11C]elacridar [65] , [11C] tariquidar [66] and [11C] MC18 [67] as P-gp inhibitors (Figure 9 ). Among substrates, (R)-and (S)-verapamil exerted similar P-gp activity, but (R) [11C] verapamil showed a low basal brain uptake and its distribution volume (DV) and kinetic constant k1 were increased after co-administration with cyclosporin A (CsA) or tariquidar; [11C] loperamide metabolized into [N-methyl-11C]N-desmethylloperamide ([11C]dLop) via demethylation and this metabolite also behaved as P-gp substrate. However, measures of changes in P-gp function are crucial because of the very large capacity of the pump, which induces a very low brain uptake of radiolabeled substrates. Indeed, since radiolabeled substrates such as [11C] loperamide and [11C] verapamil displayed a low brain uptake in vivo, new P-gp ligands with improved kinetics are still required. Among P-gp inhibitors, [11C] elacridar and [11C] tariquidar displayed lower brain uptake than [11C] verapamil and their brain uptake was increased by pretreatment with the corresponding cold compound. Moreover, both [11C] radiotracers displayed high metabolic stability, and a comparable inhibition activity towards P-gp and breast cancer resistance protein (BCRP, ABCG2). Therefore, they are not specific for P-gp. 6,7-dimethoxy-2-{3-[4-methoxy-3,4-dihydro-2H-apthalen-(1E)-ylidene]-propyl}-1,2,3,4 tetrahydroisoquinoline (also named MC18) has been characterized as potent P-gp inhibitor (EC50 = 1.6 μM) in vitro [64] and, as [11C] MC18, has been proposed as the first PET tracer for the measurement of P-gp expression [65] . [11C] MC18 showed a good uptake in control brain that was significantly reduced after pretreatment of rats with cold compound and higher cerebral distribution volume (DV) in untreated rats than [11C] verapamil. After pretreatment of animals with cold MC18, the uptake of [11C] MC18 was reduced in many brain areas and in peripheral target organs (colon, duodenum, ileum and spleen). These findCopyright © 2013 SciRes.
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ings suggest [11C] MC18 as unique PET tracer to measure P-gp expression, showing specific binding in the brain and in peripheral target organs [68] . The importance to develop 18F-probes for PET analysis is due to the their longer half-life with respect to [11C] 
TLR4 and MIR
The development of radiotracers useful to detect biomarkers directly or indirectly involved in the first stages of the pathology could give important outcomes in AD diagnosis and therapy. In this scenario, TLR4 and MIRs can be targeted with probes with high specificity. TLR4 is linked to the microglia activation, a consequence of Aβ deposits in the brain parenchyma. In AD, activated microglia can be beneficial since it is able to protect neurons from toxic substances, such as aggregated Aβ by taking up and degrading them and by secreting neurotrophic factors. On the other hand, activated microglia can be synapto-and neuro-toxic by initiating and advancing the disease. Thus, since the activated microglia via TLR4 in the early stages of AD pathogenesis exerts a neuroprotective effect, TLR4 signaling pathways offer a pivotal and potential therapeutic and diagnostic target for a early diagnosis and therapy of the disease. The same aim could be hit with the design of probes for the detection of MIRs in AD pathology since these are new potential biomarkers of the disorder. Therefore, the development of ligands, as PET probes, able to detect an overexpression of TLR4 or MIRs can be useful in the first stage of the disease and can be helpful for an early diagnosis. The innovation is due to the lack of TLR4 or MIR ligands bearing a simple structure since to date LPS and oligonucletides are the major molecules interacting with TLR4 and MIRs, respectively.
Free Copper
The increase of "free" copper in the serum of AD patients, in the early stage of the pathology, candidates copper as new target for the development of probes for the early diagnosis of AD. Indeed, studies for the development and biological evaluation of fluorescent probes able to bind the ion are ongoing and in this scenario two are the possibilities: 1) "switch on" probes; 2) "switch off" probes. The "switch on" probes are pro-fluorescent molecules that increase their fluorescent signal after interacting with the target; the "switch off" probes are fluorescent molecules that decrease their fluorescent signal after interacting with the target. By the development of fluorescent probes specific for the free copper, its quantification in some biological fluids such as CSF or serum can be supportive to early diagnose AD.
The development of probes for the detection of these new biomarkers (P-gp, TLR4, MIR and free copper) could be a useful strategy that can be added to the use of tracers for amyloid-β plaques in brain parenchyma.
CONCLUSION
The treatment of AD represents the challenge of XXI century, since to date it is possible to treat only the symptoms of the disorder. This limitation is due to the difficulty to hit the onset of the disease by an early diagnosis. As data stand, the identification of high sensitive and specific biomarkers involved in the first step of AD could help AD diagnosis and address more efficaciously the pharmacological treatment to date employed. Aim of this paper was the in vitro characterization of the biomarkers involved in AD onset and progression and the development of PET probes useful to detect in vivo these biomarkers. Beside the two hallmarks routinely used in AD diagnosis, neurofibrillary tangles and beta-amyloid plaques, specific targets detectable in the late phase of the pathology, new biomarkers (P-gp, TLR4, MIR and free serum copper) involved in the first step of AD have been identified. A P-gp dysfunction in brain can be considered one of the cause of the Aβ accumulation in brain parenchyma and the up-regulation of inflammatory gene expression and inflammatory signaling due to MIR and TLR4 modulated the development and the progression of AD. PET probes for these biomarkers will be the tools to face the challenge of XXI century.
